A left ventricular (LV) free wall rupture is a highly lethal condition. A 78-year-old female, who collapsed while riding a bike, was admitted to our emergency service 7 days after experiencing chest pain. During admission, she had cardiopulmonary arrest. Though cardiopulmonary resuscitation was successful, computed tomography (CT) showed cardiac tamponade. Emergency surgery was then performed. Pericardiotomy revealed a postinfarction blowout rupture of an aneurysm (2 × 3 × 1 cm) on the anterolateral wall of the LV. The top of the aneurysm had a 2-mm wide blowing blood column. Intra-aortic balloon pumping was initiated. An off-pump multilayered sutureless repair using squares of collagen fleece with fibrinogen-based impregnation (i.e., TachoComb) and gelatin-resorcin-formalin glue (GRF glue) was performed. Postoperative coronary angiography revealed occlusion of the second diagonal branch. The patient was free from re-rupture or aneurysm enlargement. An LV blowout rupture, which was caused by myocardial infarction with a limited tear and necrotic area at the second diagonal branch territory, was successfully treated with an off-pump multilayered sutureless repair by using a TachoComb and GRF glue patch. The thickness of the hemostatic material seemed to help control the bulging of the aneurysm and to prevent further LV aneurysm enlargement and re-rupture.
Introduction
A left ventricular (LV) free wall rupture represents an emergency, especially if it is a blowout rupture. [1] [2] [3] The sutureless patch has been recently used to repair an LV free wall rupture. 4, 5) However, using sutureless patches to repair a blowout rupture is controversial due to the later development of re-rupture or formation of a pseudoaneurysm. 6, 7) In this paper, we report a case of LV blowout rupture that was caused by myocardial infarction in the second diagonal branch territory. It was treated by an off-pump sutureless repair that used multiple layers of collagen fleece with fibrinogen-based impregnation (TachoComb; CSL Behring, Tokyo, Japan) and gelatin-resorcin-formalin glue (GRF glue; Nippon BXI Inc., Tokyo, Japan).
Case
A 78-year-old female experienced chest pain for 30 minutes, however did not see a doctor. Seven days after the first symptom, she collapsed while riding a bike and was admitted to our emergency service.
While admission, she had cardiopulmonary arrest. She successfully underwent cardiopulmonary resuscitation, during which the carotid artery was palpable, however the radial artery was unpalpable. Her oxygen saturation was immeasurable and she was in a coma.
Her body temperature was 34.2°C. The arterial blood gas analysis showed acidosis (base excess, -7.0 mmol/L). An electrocardiogram revealed an abnormal Q wave in lead aVL and poor progression in leads V1 and V2. Laboratory data did not show an increase in the level of myocardial necrosis markers (e.g., CK101, CKMB1.3, AST22, and ALT13). Echocardiography did not show any apparent asynergy or pericardial effusion, but her ejection fraction was reduced to approximately 40%-45%. Emergent computed tomography (CT) showed no aortic patho logy, but massive pericardial effusion was present. A low density area was noted on the anterolateral wall of the left ventricle ( Fig. 1A) .
Pericardial drainage was performed and the extracted effusion was bloody with a pO2 of 51 mmHg and a pCO2 of 50 mmHg. Pericardial drainage and the administration of dopamine and epinephrine increased her systolic blood pressure. The drainage extract ultimately changed to fresh blood and was massive.
We transferred the patient to the operation room and once she underwent a median sternotomy and pericardiotomy, a large clot was removed. Her hemodynamics improved dramatically. The ascending aorta had no pathology. Holding her heart to the right revealed a small LV aneurysm (2 cm wide, 3 cm long, and 1 cm in height) and a pulsatile bleeding column (approximately 2 mm wide) that was blowing out from the top of the aneurysm (Fig. 1B) . The location of the aneurysm was in the territory of the diagonal branch. Intra-aortic balloon pumping was initiated to reduce the systolic pressure and systolic tension of the left ventricle. Her hemodynamics was maintained and cardiopulmonary bypass (CPB) was unnecessary. The myocardial tissue around the aneurysm was cyanotic. It was believed to be the site of the myocardial infarction. Its size was approximately 4 cm × 5 cm and included a LV aneurysm at its center. We believed that performing an aneurysmectomy would have required a patch or two patches larger than 4 cm × 5 cm so that the healthy myocardium could be sutured, and that this would have risked damaging the left anterior descending artery. We initially planned using an off-pump sutureless technique. An on-pump sutureless technique and on-pump patch closure were the back-up procedure in case the off-pump sutureless technique was unsuccessful. 8, 9) Two layers of a 5 cm × 5-cm collagen fleece square with fibrinogen-based impregnation (i.e., a TachoComb patch) was used to cover the whole aneurysm and the surrounding tissue. However, a leak was noticed at the cranial side. Four more layers of a 5 cm × 5-cm TachoComb patch was used to control leaks. The hemostasis initially seemed to be achieved, however a central bulging at the site of the aneurysm was noticed. Our concern was that LV aneurysm enlargement and re-rupture would occur later. We therefore used the firmness and the thickness of three layers of a TachoComb and GRF glue patch to push against the aneurysm from outside. To prevent an excessive amount of hardener and residual aldehyde from causing the myocardial degeneration, the volume ratio of the glue and the hardener was strictly controlled to 10:1, based on our earlier study. 10) The edge of the TachoComb and GRF glue patch tended to lift up from epicardium. It was attached to the epicardium by using several strips from two sets of TachoComb squares. This was to exert the force needed to push against the aneurysm from outside (Fig. 1C) .
The duration of the operation was 181 minutes. Her postoperative course was uneventful, and postoperative neurological dysfunction was not noted. Intra-aortic balloon pumping was not used to maintain proper hemodynamics, but was used prophylactically to reduce the risk of aneurysm enlargement or re-rupture. It was terminated on fifth postoperative day. The endotracheal tube was extubated on 11th day, and the pericardial drainage tube was removed on 12th day after the risk of rupture was considered to be low. The postoperative coronary angiog raphy revealed total obstruction of the second diagonal branch. It was a solitary lesion ( Fig. 2A) . The postoperative CT scan showed no enlargement of the LV aneurysm, however showed the hemostatic materials (approximately 1 cm thick) that were attached to the epicardium. The materials were located at the anterolateral LV epicardium in the territory of the diagonal branch (A) (B) (Fig. 2B) . The patient was discharged from the hospital on 26th day. Six months after the surgery, a follow-up echocardiography showed no deterioration of the LV systolic or diastolic function, and showed localized thinning of the infarcted anterolateral wall of the diagonal branch territory. However, there was no enlargement of the LV aneurysm, which was covered by the hemostatic material. One year after the surgery, the patient was in New York Heart Association (NYHA) class 1. She was playing archery, as she had been doing before the surgery.
Discussion
LV free wall rupture is a highly lethal condition with an incidence ranging from 0.8% to 6% in people who have had an acute myocardial infarction. 11, 12) A rupture of the LV free wall represents an emergency of the first order, especially if it is a blowout rupture. [1] [2] [3] We have reported our experience of a patient with a LV blowout rupture treated by an off-pump multilayered sutureless technique using a TachoComb and GRF glue patch. For this patient, the initial pericardial drainage did not show massive bleeding. Therefore, the rupture site was sealed on that occasion. However, a successful resuscitation increased her LV pressure and the blowout rupture either commenced or recommenced in the emergency suite.
The traditional repair of an LV free wall rupture involves direct suturing with or without CPB and infarctectomy with a patch under CPB. 2, 13) Further bleeding resulting from the tears at the suture is a major concern. 2) The use of a sutureless technique or a patch-and-glue technique has recently become popular. 4, 5) For an oozing rupture, a sutureless technique is simple and rapid. 14) However, some reports suggest that the patch-and-glue technique is unsuitable for patients with a blowout rupture. 6,7) Tappainer, et al. 8) and Yamamoto, et al. 9) report using a double-patch sandwich technique to close a LV aneurysm or free wall rupture and to prevent the sutures from tearing the LV wall. This technique is similar to the sandwich technique used to close a postinfarction ventricular septal defect. 15) We would have used a double-patch sandwich technique if the sutureless technique had initially been unsuccessful for this patient. Nishizaki, et al. 16) reported the successful repair of a blowout rupture with an off-pump sutureless patch by using a TachoComb and equinus pericardium with fibrin spray. They found no postoperative re-rupture or pseudoaneurysm and concluded that a sutureless patch enables the repair of a small myocardial infarction in the territory of the diagonal branch.
For thispatient, the postoperative coronary angiography revealed a single culprit lesion (i.e., an occlusion) in the second diagonal branch. CT showed a limited infarcted lesion in the territory of the diagonal branch. During the operation, we found bulging from a small aneurysm in the diagonal branch territory of the left ventricle (Fig.  3A) . The aneurysm was 2 cm × 3 cm at the base and 1 cm in height. It had blowout bleeding, and the diameter of the tear at the top of the aneurysm was approximately 2 mm. The first problem was to control the bleeding. We believed that the force of bleeding (resulting from the LV internal pressure) from the small hole at the top of the aneurysm could be controlled by a wide TachoComb patch with or without GRF glue (Fig. 3B) . Amano, et al. 17) proposed using the patch-and-glue technique as a hemostatic procedure. The second problem was to control the bulging of the LV aneurysm. The continued bulging may have later resulted in further enlargement and re-rupture of the aneurysm. We believe the thickness of (C) Triple layers composed of TachoComb squares and GRF glue are attached to the epicardium. The bond of the adhesive onto the epicardium produces two opposing tension forces (oblique arrows) on the three-layered patch. The addition (i.e., summation) of these two opposing forces creates a perpendicular force (vertical arrow) against the LV wall, which exerts the force needed to prevent enlargement of the aneurysm.
the hemostatic material is essential for generating the force needed to push a LV aneurysm or damaged myocardium from the outside (Fig. 3C) . The addition (i.e., summation) of the two opposing vectors of the tension forces created by the bond of the patch to the epicardium generates a third (i.e., vertical) vector that pushes against the LV aneurysm. The thickness of the hemostatic material is approximately directly proportional to the generated vertical force. Therefore, the thickness produced by the multilayered TachoComb and GRF glue patch is important for preventing the further formation of an aneurysm later. Postoperative CT revealed that the thickness of the hemostatic material was approximately 1 cm. The use of CPB while performing a sutureless repair technique is controversial. The benefit of CPB is general hemodynamic stabilization and the control of the LV internal pressure. The disadvantage of CPB is reduced level of hemostasis. Fujimatsu, et al. 18) reported an on-pump patch-and-glue sutureless repair for a blowout rupture. They declared that a bloodless field under CPB and cardiac arrest was beneficial for maximizing the usefulness of the TachoComb and GRF glue patch. For this patient, soon after the blowout rupture was diagnosed, intra-aortic balloon pumping was initiated to reduce the systolic pressure of the left ventricle. In our present opinion, the off-pump sutureless technique should be applied for all oozing ruptures, and should be first attempted for a blowout rupture in a limited area. If the off-pump sutureless technique is unsuccessful, an on-pump arrest sutureless technique or patch repair should be performed. If the blowout site or necrotic site is quite large, we now believe that a double patch sandwich repair under CPB should be performed immediately.
An LV free wall rupture resulting from a single diagonal branch occlusion is rather rare. 16, 19, 20) Iemura, et al. 19) reported two cases of oozing due to a single diagonal occlusion in 17 patients with an LV free wall rupture. Nishizaki, et al. 16) reported blowout rupture due to a single diagonal occlusion that was treated by an offpump sutureless repair using a patch composed of TachoComb, equinus pericardium, and fibrin glue. Tsunoda, et al. 20) reported blowout rupture was due to second diagonal occlusion that was not saved.
For this patient, the first echocardiography examination was unsuccessful for diagnosing myocardial infarction or cardiac tamponade. Minor ischemic changes on the electrocardiogram did not lead us to diagnose a blowout rupture, and the laboratory data did not show any apparent change in the levels of myocardial enzymes. Sagittal section of the chest on the CT scan showed a small necrotic area at the diagonal branch territory and marked pericardial effusion. We did not reach a definite preoperative diagnosis of postinfarction LV free wall rupture, but we considered aortic emerg ency, trauma, and pericardial bleeding by malignancy as differential diagnoses. The lesson from this patient is that a small infarction of the second diagonal branch can cause a LV-free wall rupture and can be fatal if prompt treatment is unavailable.
Conclusion
A LV blowout rupture, which was caused by small myocardial infarction at second diagonal branch territory, was successfully treated with an off-pump multilayered sutureless repair by using a TachoComb and GRF glue patch. The thickness of the hemostatic material seemed to help in preventing enlargement and re-rupture of the LV aneurysm. This technique can be available for repairing a blowout rupture with a limited tear and a small necrotic area.
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